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In the October/November issue of Air and Space. Magazine (the quarterly magazine of

the Smithsonian Air and Space Museum) the cover story was "Destination Mars, What

Kind Of Rockets Will Get Us There." I think this article talks about why we are here

today (Figure 1). We are here to try to figure out how to use nuclear propulsion to

accomplish that mission, and we appreciate the help that we will be receiving from all of

you.

I have a very detailed purpose statement in the handout (Figure 2). I am not going to

read the words for you, but the bottom line is included in the last paragraph, to assess

the state-of-the-art, to try to identify which of those concepts that have been proposed

have the most benefit for the manned mission to Mars, to identify the technologies that

need to be developed, to lay out some first-order plans for those technologies, and to try.

to get a first-order cost estimate, and from there to put together our project plan.

There is also included in the handout a listing of the members of the steering committee

(Figure 3). You have met Gary Bennett, Earl Wahlquist, and Tom Miller, and Roger

Lenard will be joining us. There are also a number of ex-officio members of the steering

committee, including Franklin Chang-Diaz, who is an active astronaut at Johnson at this

time; he has been included to bring in the astronaut safety aspects.

Figure 4 tries to show what we are trying to accomplish, and how we are going to do it.

Back about the first of May, we got together in Washington and agreed upon an

approach that looks very similar to the final approach that we are using for these

workshops. We identified a large number of concepts that are candidates for this kind of

a mission to Mars, and we tried to identify an appropriate person who could be a

spokesperson (or Concept Focal Point - CFP) for that concept at these workshops. At

the same time, we tried to define some requirements for the mission; Stan Borowski will

talk about that baseline reference mission to Mars in his presentation, which will follow

this one.

Based on those common requirements then, each of the concept focal points were to

address their concept and how to do the mission, the kinds of technologies that would be

required to perform that kind of a mission in terms of lifetime, endurance, reliability,

safety and all of those things.
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We put together Technology Review Panels (Figure 8-12) that are a national community

of experts, if you will; they are here and will be sitting in on the parallel sessions,

evaluating each of the concepts based on the four criteria: cost, safety, benefit to the

mission, and technical risk.

Each of the concept focal points will present a brief summary of their concept,

something on how that concept would perform on the mission, what the critical tests are,

schedule, milestones, costs, and facilities.

The technology review panels then are going to use that information, prepare

recommendations, and make a final presentation to the steering committee in

September.

This is a quick summary of how we are going to get through the next three days (Figure

5). All day today and through 9:15 a.m. tomorrow, we will be meeting in this plenary

session, where each of the concept focal points will give a brief summary of their

concepts. We will then break into parallel working sessions starting at 9:30 a.m.

tomorrow and running through about 10:30 a.m. on Thursday. From 10:30 through lunch

the panels will caucus and put together their remarks for a plenary feedback session in

the afternoon on Thursday; we should break about 3:30 p.m. on Thursday.

We also have a number of special information presentations (Figure 6) that I included in

the agenda and I want to just mention some of them. The first one I have already talked

about; Stan Borowski is going to talk about the reference mission from which we will

"Delta" each of the other concepts. All of the evaluations will be performed compared

to that baseline "reference" mission design.

Stan Gunn from Rocketdyne is going to talk a little bit about some of the things that we

can do to NERVA that will upgrade that system for changes in the past 20 years.

Press Layton is going to talk about some dual mode concepts. Tonight at the banquet,

Peter Worden will have some remarks. Peter is on the National Space Council. Then

Brian Pritchard from NASA Langley will be here. He is involved with some of the

Space Station Freedom studies and so he is going to talk about the work that is planned

to get us from the space station, in its initial configuration, to the Space Exploration
Initiative.

There are a number of other special presentations that I am not going to describe, but

they will be of special interest to the panels, but that we felt might not be covered in as

much detail by the concept focal points.

Figure 7 is a list of the concept focal points as you have in your agenda. I want to point

out on the agenda that Dick Dahlberg from GA called me yesterday and he will not be
able to attend.
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Dilip Darooka from GE hasworked on hybrid propulsion systemsand he asked for
about ten minutes in our plenary sessionthis morning to present someof that material,
so we will do that in place of the "pulsednuclear" presentation. We also have, in
addition to the solid core concepts,some liquid core, gaseouscore and one paper by
Bruce Reid on the NTP/NEP hybrid systems.

I would like to highlight some the memberson the technology review panels. In the
mission analysisarea (Figure 8), Tim Wickenheiser from NASA Lewis is the panel

chairman and Mike Stancati from SAIC is the executive secretary.

Ned Hannum is the chairman of propulsion panel (Figure 9) and the executive secretary.
for this panel will be Stan Borowski, both from NASA Lewis.

The reactor panel (Figure 10) is chaired by John Dearian from INEL and the executive

secretary is Harvey Bloomfield from NASA Lewis.

The advanced development plans panel (Figure 11) is chaired by Steve Howe from Los

Alamos and Darrell Baldwin is the executive secretary.

The safety panel (Figure 12) is integrated with the other four panels, with members from

the safety panel distributed among the other four. They will be addressing the safety

issues in each of those panels and then will caucus at the end of the workshop and will

put together their separate report. Buzz Sawyer from NASA Headquarters is the

chairman of that panel and Marland Stanley from INEL is the executive secretary.

I would like to emphasize the expected output from the workshop (Figure 13). For each

of the concepts, we are looking for the critical test requirements, what needs to be done

to develop that concept to a technology readiness level six. As indicated, we are working

to technology readiness level six (TRL-6)-full system ground testing complete. We want

to identify any safety issues with each of those concepts and we would certainly want to
identify the facility requirements. And then once we have looked at all of the different

concepts, we will be making a first order comparison based on their performance, the

mission benefits, technical risk and a first cut at the development cost to TRL-6. Again,

it's not a selection process, we are not trying to "down-select" and we are not trying to

eliminate any concepts. We are simply trying to identify technology needs so that we can

then put together our project plans.

In the assessment procedure (Figure 14) that's to be used, each of the five panels will be

addressing the criterion that are identified. The output from the panels will be a written

narrative from everyone in the workshop as well as the technology review panel

members. That narrative should include discussions of strengths and weaknesses. And

then the technology review panel will be doing a relative ranking and a comparison of

each concept to the reference system.
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Each of you have in your folder an evaluation worksheet (Figure 15) that we would like

you to fill out. I encourage you to start filling those out during the summary sessions

today and then to transfer them into your three-ring binder to keep the evaluation sheets

together with the proper presentation; otherwise if you wait until the end of the session,

at the end of all of the presentations you will not remember your comments. So I

encourage you to write your comments as we are going along. Then after each concept

has been presented in the parallel session, turn those sheets into the Executive
Secretaries. He will collect them and we then will have that information available to us.

I want to talk very briefly about some of the factors that each panel will be looking for.

In the mission analysis panel (Figure 16), they are looking for the benefit to the mission,

how does it accomplish the mission better than the baseline system. Some of the factors

are indicated here, initial mass in lower earth orbit or trip time, and they trade-off

against each other. Specific impulse is an important measure of performance, and they

will be looking at all of the mission safety and operations aspects. They will also address

commonality, if that's appropriate, and we'll need to be thinking about whether or not

the concept can be ready for TRL-6 in the 2006 time period. And of course they will be

looking for inherent design reliability and/or complexity.

Indicated on the right side of the chart is the very simple scoring system that we will use.

We have developed a consistent scoring system where the score of (3) represents the

same (in this case) mission benefit or performance as the baseline system. There are

two levels of performance less than the baseline, and two levels of performance better

than the baseline, so the panel will be making an initial first cut at those kinds of

discriminators.

The same approach is to be used in the propulsion technology panel (Figure 17). They

will be looking at technical risk for developing the concept, and will ask the concept

focal points to try to rate the concept on the technology readiness level scale; I will talk

about what that means on my next chart. And then each evaluator will have a chance to

decide whether he agrees with that rating or not. The factors that they will be

considering are: where the concept really is - how mature is the technology. It's probably

a pretty good measure of how much money is needed to develop it to TRL-6.

They will certainly be trying to identify the key feasibility issues and the testing

requirements for that concept and this is the primary output that we expect from this

panel. They will also be addressing integration issues.

NASA Technology readiness levels are defined in Figure 18. Again, this project is

intended to go through Technology Readiness Level-6, which is a system demonstrated in

a simulated environment, including lifetime, performance, and system interactions. Level-

7 is a flight test of that qualified system, so we are trying to determine what needs to be

done to get to this point and how much it will cost. You can see the intermediate levels

that get us there.
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The reactor technology panel evaluation (Figure 19) is very similar to the propulsion
panel, in that they will be assessingtechnical risk and trying to determine where that
concept is on the technical readinesslevel scale. The samekinds of factors will be
considered,but primarily inside the reactor, as opposedto outside the reactor in the
other componentsof the propulsion system. The samescoringsystemis used.

The Advanced Development Planningpanel (Figure 20) has the tough part; they have to
figure out how much this is all going to cost. This really is a tough one, becausethe
numbers that we have seen so far are all over, and it's pretty much a guessinggame. As
a first cut, we have asked the CFP's to try to comeup with estimates.

Stan Borowski will talk about an initial estimate for the baselinesystemand we'll try to
make our comparisonsto that; if it looks like a concept is going to cost more, or a
concept is going to cost less,and so forth. The factors that this panel will be considering,
are the technology readinesslevel, the key testing, key feasibility issues,arid the testing
requirements, the verification issues,safety performance, how we do the simulation, and
how we do the testing. A big part of the cost is certainly going to be wrapped up in
facilities. Last, but not least, they will develop an overall estimated development cost for
that system.

The safety panel, as mentioned (Figure 21), is distributed among the other panels and

will be addressing hazard identification and mitigation, safety verification issues, launch

safety, inherent control and stability, system refurbishment and disposal (which is

certainly an important aspect), orbital assembly, and startup considerations, crew

radiation protection (which will be a necessity), redundancy, reliability, and so forth.
Also, any other safety issues that need to be considered.

Finally, after we get through with the workshops (Figure 22), the technology review

panels or (some smaller subgroup of those technology review panels) will get together to

try to clarify some of the issues that have been identified for each of these concepts, and

for the nuclear thermal propulsion technology as a whole, and to try to verify some
claims that are made by the advocates. We will then do a collation of the written

evaluations, and maybe do some simple calculations if that's appropriate. Finally, we

will prepare recommendations that will go to the steering committee in the September

time period. There will be a workshop proceedings published. And we do intend to

provide some feedback to the concept focal points after the steering committee has met.
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SIMULATED ENVIRONMENT, INCLUDING LIFE,
PERFORMANCE,AND SYSTEM INTERACTIONS

LEVEL 7: FLIGHT TEST OF A QUALIFIED SYSTEM
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NASA -- /.=m_ Rsweaut_ Con_r

REACTOR TECHNOLOGY PANEL

CONCEPT EVAL UA T/ON CRITERIA." TECHNICAL RISK

CFP SELF - RATING: (1 - 6)
TECHNOLOGY READINESS LEVEL:

EVALUATOR'S RATING: (1 -- 6)

FACTORS."

I. CONCEPT MATURITY (TRL)
- FEASIBIU'rY DEMONSTRATED
- NUCLEAR FURNACE
- REACTOR TESTS/VERIF.
- MODELS VERIFIED

2. KEY FEASIBILITY ISSUES/TESTS REQ'D

3. FACILITY REQUIREMENTS
- EXISTING I MODS REQ'D
- NEW

4. PROPULSION SYSTEM INTEGRATION
- FAILURE MODES
- THERMAL MANAGEMENT
- _NSTRUMENT.

5. VEHICLE OPERATIONS/SAFETY
- ORBITAL ASSEMBLY
- LAUNCH/REENTRY/DISPOSAL
- RESTART/COMMONALITY

SCORES.-

5 - MUCH LESS RISK THAN BASELINE

4 - LESS RISK THAN BASELINE

3 - SAME RISK AS BASELINE

2 - MORE TECHNICAL RISKTHAN
BASELINE SYSTEM

1 - MUCH MORE RISK THAN
THE BASEUNE SYSTEM

CONFIDEN/_E IN SCORE"

L OW MEDIUM HIGH

NUCLEAR PROPULSION PROJECT ,m

Figure 19

Ig4 SA - LdNvJmtl_e_u_h Center

ADVANCED DEVELOPMENT PLAN PANEL

CONCEPT EVAL UA T/ON CRITERIA." DEVELOPMENT COST

CFP ESTIMATED COST, , SM

EVALUATOR'S ESTIMATED COST, , SM

FACTORS.-

I. CONCEPT MATURITY (TRL 1 - 6)
-- FEASIBIMTY DEMONSTRATED
- COMPONENT VALIDATION
- SYSTEM BREADBOARD DEMO.
- SYSTEM VAUDATED

2. KEY FEASIBILITY ISSUES/TESTS REQ'D

3. VERIFICATION ISSUES (SAFETY/PERF.)
- SIMULATION
-- TESTING

4. FACILITY REQUIREMENTS
- EXISTING / MOOS REQ'D
- NEW

5. ESTIMATED DEVELOPMENT COST

(COMPARED TO BASEUNE SYSTEM)

SCORES.-

5 - MUCH LESS COSTTHAN BASELINE

4 - LESS COST THAN BASELINE

3 - SAME COST AS BASEUNE

2 - MORE COST THAN
BASELINE SYSTEM

! - MUCH MORE COST THAN
THE BASELINE SYSTEM

CONFIDEN/_E IN SCORE"

LOW MEDIUM HIGH

17-11-11t&l_
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m NASA -LewiBR_mK_ Center .......

SAFETY PANEL

CONCEPT EVA L UA T/ON CRITERIA." SAFETY

k.
v

_P

FACTORS.

I. HAZARD IDENTIFICATION & MITIGATION

2_ SAFETY VERIFICATION ISSUES

3. LAUNCH SAFETY COMPATIBILITY

4. INHERENT CONTROL/STABILITY

5. SYSTEM REFURBISHMENT/DISPOSAL

6. ORBITAL ASSEMBLY / STARTUP

7. CREW RADIATION PROTECTION

8. REDUNDANCY / RELIABILITY

9. Erc.

?-|-III_IC

SCORES.-

1 - UNACCEPTABLE

2 - NOT AS SAFE AS BASEUNE SYSTEM

3 - ABOUT THE SAME AS BASELINE

4 - SAFERTHAN BASELINE

5 - MUCH SAFER THAN BASELINE

CONFIDENt_E IN SCORE"

LOW MEDIUM HIGH

NUCLEAR PROPULSION PROJECT --,
Figure 21

NASA - Lewis Re_lnnll Center

AFIER THE WORKSHOPS."

TECHNOLOGY

REVIEWPANEL /

(SUB- GROUPS)

CLARIFY ISSUES
VERIFY CLAIMS
COLLATE EVALUATIONS
SAMPLE CALCS.
QUESTIONS TO CFP
RECOMMENDATIONS

TECHNICAL INPUT."

/ NASA

.__ DOE

"-_ DOD

I

NP_ / I-I-II I J)_

_1 STEERING COMMII-IEE
WORKSHOP PROCEEDINGS
FEEDBACK TO CFP'S

l

NUCLEARPROPULSION PROJECT--'

52
Figure 22


